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New technology is changing the way we do business at NASA. Enabled by a culture
embracing innovation and flexibility that has a higher tolerance to risk, technology is
impacting the entire product life cycle, from design and analysis, through production,
verification, logistics and operations. New fabrication techniques such as additive
manufacturing, verification techniques, integrated analysis, and models that follow the
hardware from initial concept through operation are having an impact on the time and
cost of building space hardware. Evolved Systems Engineering processes and policy at
NASA are inherently more flexible than they have been in the past, enabling the
implementation of new techniques and approaches.
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Agenda

- Evolving technology in the areas of design, analysis,
production, verification, logistics, and operations

 Evolution of technology
* New technology is changing the design process
« Specific examples: Additive Manufacturing, Structured Light Scanning

- Program/Project lifecycle — Evolving the Program
Management and Systems Engineering processes
« Change in culture, communications, and product focus

- Enable flexibility to accommodate new techniques and approaches, improving
affordability




Introduction

- Technology is evolving and changing the way we do business
- Staying on top of technology, developing new technology, and pushing
its limits is essential to achieving our main objectives
* NASA Missions
« SLS: Safety, Affordability, and Sustainability

- NASA culture influences technology infusion
- How do we take advantage of and develop new technologies to become
more efficient and build better products at a lower cost?

* Bring technologies to a readiness level that is safe for operation on NASA systems
« Maintain rigor in testing and acceptance to ensure quality
* Transition new technology




Introduction

- How can we enable programs/projects to traverse the lifecycle in a
flexible, affordable and repeatable way?

Dealing with emerging technologies and methods

Encouraging culture change & understanding the
workforce

Measuring design progress and success
Balancing rigidity with creativity
Responsive to broad portfolio of activities

Rigidity Fiexibility

/ Order *, Creativity
/ Control *

Résionsibil"ij[y
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Technologies Vary Depending on System

- The way we use new technology varies based on size, complexity, allowable risk,
cost, schedule, etc.

- 3D models are now following the hardware from “Art to Part”

- Large Scale Hardware (Boost and Stage Engines, Stages, Vehicles)

* More integrated design
« We are better prepared for the hardware once we receive it

 Better fabrication techniques

- Small Scale Hardware (components)

* Prototypes
« Analysis and test can be performed in parallel

« Test multiple designs
* Proceed beyond development at significantly lower risk
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Key Enabler is NASA Culture

- Impact of new technology is enabled by a culture embracing innovation
and flexibility that has a higher tolerance to risk

- Testing to learn versus testing to pass
- Getting past fears of the unknown

We Need to be Here We Are Here

lnnovation/Flexib' ]
. YRisy.

aseB 1 PhaseC . - Phase E Phase F

SRR SDR ) 4 A x ‘ [ .

One test is worth a thousand expert opinions — Wernher von Braun

9



3D models are carried
through all phases of the
product life cycle.

Design

More Automation

Present

Future

What is changing?

Design is becoming more integrated with
manufacturing, shortening the product life cycle
and reducing overall cost. Minimizes re-design,
re-work.

Analysis

Computers are getting faster, memory is getting
cheaper, leading to higher resolution analytical
models. Analytical models are becoming more
fully integrated.

Producibility,
Modeling and
Simulations

Manufacturing

The transition from paper drawings to 3D design
models and associated modeling and
simulations have enabled advanced producibility
analysis with great savings. We are also working
towards using annotated models in place of
drawings.

Inspection and
Test
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Transitioning from manual processes to full
automation, CNC milling, additive processes.

Transitioning from discrete measurements to
structured light scanning, more full inspection
coverage and the ability to compare “as built”
directly to “as designed” models, reducing
inspection time and increasing fidelity.

Logistics and
Operations

Using 3D virtual simulations in addition to
drawings to reduce cost and schedule by
evaluating interfaces during the initial design
phase. Simulations can significantly increase
efficiency and preparedness for operations.




Typical Design Process

Design i .
Manufacture Test Verify/Certify ‘ Fly
Analysis

Evolved Design Process, Enabled by New Technologies

Design
Requirements Integrated Analysis Verify/Certify ‘

Prototype Fabrication

Early verification of
producibility

Early Prototype Testing
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Additive Manufacturing

What is Additive Manufacturing?

« Additive manufacturing is used to build a part from the ground level up, typically
starting with powder metal

« Powder metal laser sintering (SLM), electron beam melting (EBM)

» Laser deposition

« “3D Printing” plastics, Stereolithography
« Made in Space &7/




Additive Manufacturing

What is Additive Manufacturing?
- Differs from “traditional” machining
« Subtractive machining: Cutting, milling, drilling
 Joining: welding, brazing, fastening
« Forming: melting, pouring castings
 Significantly less “scrap”
* In many cases, “traditional” methods are used in addition to additive

CONCEPT




Additive Manufacturing

How do we fly SLM components?
« Build and test components
» Mechanical testing on samples
» In-process verification
 Digital records
* Quality control and Inspections
» To qualify the process, let’s start with qualifying specific parts

« Consider:
« Environment (fluid, pressure, temp)
» Material
 Criticality
« Size
* Function
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Additive Manufacturing

« Why Additive Manufacturing?
« Key to Sustainable & Affordable Propulsion
« Can significantly reduce cost and time to manufacture when applied effectively
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Examples:

Part Cost Savings Time Savings

J-2X Gas Generator
Duct

F-1 Torque Adapter
Pogo Z-Baffle

Custom Wrenches

Turbopump Volute

Turbopump Inducer



Additive Manufacturing — Heritage Parts

« Additive Manufacturing can be used to fabricate heritage parts.

« Some small modifications may be required, but no change to “fit, form, or
function.”

« Goal: reduce part count, welds, machining operations - reduce $ and time

J-2X Gas Generator Duct ‘ RS-25 Flex Joint

Pogo Z-Baffle

RS-25 Flex
Joint

Part Count

J-2X Gas Generator e W # Welds
oudt Lo————<"| Machining

Heritage
Design

Time Savings

Cost Savings

Pogo Z-Baffle .. - | Operations
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Additive Manufacturing — New Parts

« Fabricate new parts and tooling
« “Art to Part” in hours

« Design freedom and flexibility

« Design for function

Custom Tooling Custom Part Cost Savings | Time Savings
Instrumentation F-1 Torque Adapter

Custom Wrenches

Turbopump Inducer

Valve Housing

P

Turbopump Inducer



Structured Light Scanning

3. Two digital cameras take a series of
simultaneous images

: 2. Structured I|ght (fringe) Camera
1. Targets are placed on pattern projected onto the
the hardware component that “shifts”
rapidly
Fringe
Pattern
Projected
Scan Data Targets
Component

4. Series of simultaneous images and scans are processed in the software, and based on triangulation

methods, the software will calculate 3D coordinates of the part and create a continuous contour s



Structured Light Scanning

- Why do we scan?
* Improve Process Development
* Digital assembly reduces cost and schedule

« Compare small changes in hardware not previously possible (test-to-test and before
and after processes)

* Refine Performance prediction

* Reverse Engineering
* Subtle details




Structured Light Scanning
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Program/Project Lifecycle

T h e | n te g r at e d I | fe C y C I e r eVl ew Approval for Formulation Approval for Igplementation

NASA Life Cycle Phases

expectations are unchanged o AR T

Integrator Life Cycle Gates

FAD Draft PCA PCA
. . . ADraft Program
» Success criteria/milestones Flan - progran P
* Products demonstrate progress N s
[ ] MetrICS & I‘EVIeWS measure SUCCeSS g‘:ligé\?\}srufe Cycle SRI? SDFXADR A PRAR SK OKIRFRRPLAR ciR PKR f DgR

‘ .-
HW/SW Provide Life Cycle i Coigl

Gates K:DP E

FA%/FA_,-’ L Launch
Draft Project P

Pragram ation A on Document (FAD) hes been approy Req.

SRR i i

(P/SRR) CDR/ i E i i i i

HWISW Provider Life Cycle PRR SIR ORR FRR PLAR CERRPFAR DR

Reviews

SDR : i : { Foo g LA A
SRR MDR ORR FRR PLAR CERRPFAR DR DRR

Lower Level Reviews A AN S - Y Y N N—, | -

ents and Plans

A Integrator Life Cycle Reviews /\HW/SW Provider Life Cycle Review /\ Lower Level Reviews

| — | What is changing

» Time & Resource Expectations
» Types of Programs/projects
« How we demonstrate success

21



The Beginning

« Sea of policy, requirements and how-to
* One-sized

« Paper/document driven

* Rigid, blind compliance, minimize risk

NPR-7120.5
Space Flight
Prog/Pro|
Management

NPR-7123.1
Systerms
Engineering

NPR-7120.6
Lessons
Learned

NPR-7150.2
Software
Enginaering

NPR-7120.7
IT & Institutional
Prog/Praj
Managemant

NPR-7120.8
RET Prog/
Praj Mgmt

NPR-7120.9
POLM
IManagement

MPR 7120.1

Prog/Project

i MPR 7123.1
Documentation

_| @ Space Flight
PROG-PL-001 Pragram/Project M5
Planning
ProgramyProject
Plan

Flexibifity
Ereativity

Résionsibl}.ity

Rigidity

Sorder®,
._ i Control %
HQ
NPR-7120.10
Technical
Standards
isic MV M MPR
MSFC 8621.1 5830.1
MWVl MPR
MPD 871817 MPR 71204
6340.1 71203
MVl MW
8410.1 8715.15 .2
RE W1
M ~A = 8060.1
71204 5 =
MW rroa 70
7202 MPR
MW MPR
1260.7
MPR 4830.1 (V7]
MPR 34101
1600.1 MPR 71205
MPR % MPR
71231 (VY] 87181
2i01  jog, MW
87303

22



Evolving how we do PM & SE

Streamline — “One-Stop Shop”

Promote thinking around circumstances
Data Driven, document independent
Flexible

Control
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Enablers: Find Your Project

* Projects stratified for MSFC portfolio (ranging from SLS to small activities)
* Find a starting place based on your Project type (size, priority, risk, cost...)

Cost Guidance
(estimate LCC)

High (> ~$1B)

High to low
(~$1B -$250M)

Guidance for Id
Low
(~$250M - $100M)

entifying Mission Types

(~$100M-550M)

S50M-510M

< $10M

> S1M/yr or
>$10M LCC

<S1M/yror
< $10M LCC

Priority (Criticality
to Agency Strategic
Plan)

High tolow priority

High to medium priority

High priority

Medium to low priority

Low Priority

Low to very low
Priority

High (Center
Priority)

Medium or Low
{Center Priority)

National
Significance

Very high

High

Medium

Medium

Low

Very Low

Risk Tolerance

Class A Risk: Very low
{minimized)

Class B Risk: Low

Class C Risk: Medium

Class D Risk: High

Class D Risk: High

Class D Risk: High

Description of the
Types of Mission

Human Space Flight or
Very Large
Science/Robotic
Missions

Non-Human Space Flight or
Science/Robotic Missions

Small Science (Human or Non
human)

Smaller Science (Human or
Non human)

Science {(Human or
non human)

Science (Human or
non human)

Supportto multiple
directorates

Supportto a single
directorate

Complexity

Very high to high

High to Medium

Medium to Low

Low

Low

Low to Very Low

Mission Lifetime
(Primary Baseline
Mission)

Long. »5 years

Medium. 2-5 years

Short. <2 years

Short. <2years

Short. <2 years

Short. <2 years

Launch
Constraints

Critical

Medium

Few tonone

Few tonone

Few to none

Achievement of
Mission Success
Criteria

All practical measures
are taken to achieve
minimum risk to
mission success. The
highest assurance
standards are used.

Stringent assurance

standards with only minor
compromisesin application
to maintain a low risk to

mission success.

Medium or significant risk of
not achieving mission success
is permitted. Minimal
assurance standards are
permitted.

Significant risk of not achieving
mission success is permitted.
Minimal assurance standards

are permitted.

Significantrisk of not
achieving mission
success is permitted.
Minimal assurance
standards are
permitted.

Significant risk of not
achieving mission
successis permitted.
Minimal assurance
standards are
permitted.

HST, Chandra, Cassini,
JIMO, JWST, MPCV,
SLS, ISS

MER, MRO, Discovery

payloads, 1SS Facility Class
payloads, Attached 1SS

payloads

ESSP, Explorer payloads,
MIDES, 1SS complex sub rack
payloads, PA-1,

ARES 1-X, MEDLI, CLARREO,
SAGE I1I, Calipso, ISERV

SPARTAN, GAS Can, technology
demonstrators, simple ISS,
express middeck and sub rack
payloads, SMEX, MISSE-X, EV-2

IRVE-2, IRVE-3,
HiFIRE, HyBoLT,
ALHAT
Earth Venture |,
FASTSAT

DAWNAIr, InFlame,
Research, technology
demonstrations,
HEROES, ADDITIVE
Manufacturing in
Space, SWORDS
Payloads, Nanosails

MSFC activities in
support of : Request
from
program/projects
outside of MSFC for
MSFC supporting
activities subject to
Requesting
organization's
requirements.

MSFC activities in
support of : Request
from
program/projects
outside of MSFC for
MSFC supporting
activities subject to
Requesting
organization's
requirements.




Enablers: Customize & Communicate

« Compare across the lifecycle, choose best fit
* |dentify customization opportunities
« Communicate approach in a common way
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Enablers:

Reviews and Data

« Complete lifecycle perspective
« Approach products and design needs from a success perspective
» Understand requirements, best practices and data needs

Program
SRR
[P/SRR)

Entrance Criteria:
B/L- Formulation Authorization Document | FAD) has
Drata)
- Frogram Flan
P- Mlission Directorate requirecments and constraints
[3- Traceahility of program-level requirements on projects to the Agency
strategic goals and Mission DMrectorate requirements and constraints
D- Documentation of drav around mles and assumptions on the program
- Interagency and internatronal agreements
D- Documented Cost and Schedule Basclines
D~ Documentation of Basis of Estimate (cost and schedule)y
- Shared Infrastructure,® Statting, and Scarce Material Requirements and Flans
Flans for work to be accomplished during next Life Cwvcle Phase
- Technical, Schedule, and Cost Control Flan
- Safety and Mission Assurance (5&MA} Flan (STINVSA-55P, STIVEM-EMEF)
D- Risk Management Plan | STV A-RME STIVEM-FERAF)
- Accquisition Plan
- Technology Development Flan
- Systems Engineenng Management Plan {SEMP]
- Intormation Technology {(IT) Flan
F - Review plan
- Configuration Management {Ch) Plan (5T
- Lessons Learned Flan
[ - Imtegration plan (FTIVSE-IP)

' 1 tave been defined that support mission directorate

he program

1 risks and cormresponding mitigations strategics have been

been approved

identified.
The high-leve
performance
selected ©
An approach §

1 requirements have been documented to inclode: a.
and ¢. programmatic requirements, consestent with the
1 from the project MCE
aompliance with program requirements has been
5 for contralling changes to program requirements have been detined
raved.
ability of program requirements to individoal projects is documer
nce with Ag v need . ectives, as described in the T
Strategic P
Top pro

Ipacis

ficant technical, satety, cost and schedule

Exit Criteria:

P- Program Flan

B/L- Mission Directorate
requircmenis and consiraints
P-Traccability of program-level
requirements an projects to the
Agency strategic goals and bission
Drectorate requirements and
constrainis.

P- Documentation of driving grownd
mules and assuwmptions

P- Interagency and international
agrecments

I - Risk mitigation plans and
resources for significant risks

- Documented Cost and Schedule
Basclines

- Documentation of Basis of
Estimate BOE (cost and schedule)
I- Shared Infrastructure, Stattfing, and
Scarce Material Requirements and
Plans

Flans for work to be accomplished
during next Life Cycle Phase

- Technical, Schedule, and Cost
Conirol Plan

- S&MA Plan (STIVEA-RSP, 5TD
EM-EMMFP)

P-Risk Management Plan (ST M A-
EMP, STIVEM-PREAP
P-Acquisition Plan

P-Technology Development Plan
P- SEMP (5STINVSE-SEN

F- IT Plan

B/L - Feview Plan

P- CM Flan ( STV M-

- Lessons Learmed Plan

- Integration plan (TS E-T7)

Suwecess Criteria:z
1. With respect to mission
and science requirements,
i 1gh-level
equireme are

complete and are
Appraved.

2. Defined interfaces with
ther programs are

Appraved.

* PrOETATN
requirements ane
determined to pro

cost-etfective
ram
TCQUIrSITCnis arc

adeguately levied on
crther the single-prog

controlling progr.

requirement changes have
approved

> approach for

ing compliance

1 2IcE [or hi
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have been approved.




Enablers: Support

» Flexible Data Requirements templates
« Guidance & Best Practices
» Lessons Learned and Knowledge Management

DATA REQUIREMENTS DESCRIPTION (DRD)
National Acronautics and N\Q\SA

Space Administration

L essons
| earned -

Distilling Team

© N

EE11
MSFC TECHNICAL STANDARD

DATA REQUIREMENTS DESCRIPTION (DRD) PROJ ECT MANAG EM ENT

DD NO. DennG: '?;I'IP/MA-PRP AND

N SYSTEMS ENGINEERING

PAC

HANDBOOK

OPR:

DISTRIBUTION
FORMAT:

MAL

Approved for Public Release; Distribution is Unlimited

Actionable
Recommendations
Distilling
Team

FORMATION
th

Infusion
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Future State

* Integrate & Streamline S&MA Policy '

Rigidity Fléxibiltty
NPR-T123.1 NPR-T120.5 NPR-7150.2 NPR-7120.6 NFR-7120.7 20, NFR-7120.9 NPR-T120.10 ; Order ..'.. -C.:reatl\{lr.yn
Fight || Software I ma 18T Prog/ POLM Tochnical Control * Résponsibilit
Engineering Institutional Management Standards

Prag/Praj
Management

MSFC

Daocumentati

) P C ICERIC

MPR 7120.1 PR 7123.1 MPR7120.8° _MPRTISOL || MPR1280.10 b P M & S E P ro Ce SS M 0 d e |

— R Research and
i)
PROG-PL-001 chnology MSFL Software Marshall
Engineering Program/ Engineering Quality

F‘r-:grn;r_w'?r‘:lic:t {Projuct Pre il Praject Requirements Mana
= Management Requirements Management

Requiremer Requirements

Pursuable Opportuniies_| Projcts

Capture Top  Experiment  Evaluate  Investment Fund Develop ~ Measure Optimize Retire
Idea Ideas & Promote  &Assess Proposal = &Deploy ~ Confirm & Evolve  Sunset

Customizable Workflow-based Stage-gated Process Modeler

Workflow for evaluating and
assessing pursuable opportunities,

buildout of SIBCs, EA analysis and through Formulanon,Approval.
: Implementation, and Evaluation per 7120.7
scoring of proposals, portfolio

prioritization, integration with RIPSSC oo pro e ind
P SI' he IMS portfolio lifecycle performance
roSight

Guldance, Best Prctices o Workflow for managing approved projects
MSFC
e Workflow for capturing,
Gulgance o
generating, developing, and

communicating new ideas
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Future State

* Product Data Lifecycle Management, Model Based Engineering & Systems Engineering
« Capturing & communicating design best practices
« SE & PM development (culture, skills, training)

Manufacturing
Engineering

Manufacturing

Product
Engineering

Concept

il Engineering Technology Processes

PP
e 4 Z
ecomm|SS|on|ng
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Summary

Technology is changing the way
we do design, analysis, logistics
and operations

- Evolved capabillities
- Focus on integration earlier

- Parallel development and
fabrication

lnnovatlon/Flex:b:hty/R
Sk

- Enabled by a culture that
embraces innovation and
flexibility

SRR SDR ]

Focus on balancing process rigidity with
flexibility

- Promote thinking, not blind compliance
- Adjust to program/project size

- Integration & communication

- Product not process

30




Question & Answer Session

www.nasa.gov/marshall
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